Background: Large randomized controlled clinical trials have established excellent evidence for the most frequent exudative macular diseases (neovascular age-realted macular degeneration, macular edema due to diabetes and retinal vein occlusions) how to treat with intravitreal vascular endothelial growth factor inhibitors. Due to multiple limitations such optimal, best evidence-based treatment is hardly manageable in any European country.
plications on cost and time-efficient patient treatment. The reimbursement for the intravitreal injection procedure at institutions with official reimbursement by the health care system varies throughout Europe from about 80 to 600 €. Unfortunately, in many countries the organizational structures and incentives have -to the disadvantage of patients and treating ophthalmologists -not yet been adopted to the needs of the era of intravitreal injections. Conclusions: With a growing number of affected and by intravitreal anti-VEGF injections treatable patients there will be an increasing pressure on improving access to adequate treatment. More uniformity regarding requirements and reimbursement throughout Europe is desirable. Unfortunately a further trend to regionalization is observed. 
Introduction
Intravitreal injections of vascular endothelial growth factor (VEGF) inhibitors have become the standard of care for most exudative macular diseases. So far, only ranibizumab and pegabtanib have been approved in the European Union (EU) by the European Medicines Agency. Due to best phase III clinical study results, ranibizumab is the mostly used approved anti-VEGF drug in Europe. As of 2011 it is not only approved for the treatment of neovascular age-related macular degeneration (AMD), but also for diabetic macular edema (DME) and macular edema secondary to branch or central retinal vein occlusions (BRVO/ CRVO) based on the results of large randomized controlled clinical trials [1] [2] [3] [4] [5] . In any member country of the EU the approval by the European Medicines Agency is obligatory for any biotechnology drug. The approval is valid throughout the EU. Switzerland maintains an own approval process guided by the regulatory agency Swissmedic. In no European country bevacizumab is approved for intraocular injection. A preliminary approval in Italy has been withdrawn.
Limitations on the use of ranibizumab that are valid throughout the EU can be found on the official approval label [6] .This label provides limitation to its use with regard to a "loading dose" at the initiation of treatment, retreatment criteria as well as minimal treatment intervals. Details on the official ranibizumab label are listed in table 1.
Of interest is that for only one of the approved indications (DME) the label is about consistent with treatment protocols of the large prospective clinical trials leading to the approval of the drug. Even for DME further large prospective clinical studies have shown in the meantime that monthly ranibi- [3, 6] .So, if best evidence treatment protocols are used by ophthalmologists, their treatment is most of the time not according to the official treatment guideline of the ranibizumab label in the EU. One major criticism on the treatment guideline of the label is that loss of vision is required for patients to be retreated. Currently available technologies (e. g. optical coherence tomography (OCT)) are a superior indicator for retreatment than loss of visual acuity. The PrONTO study outlined first that under anti-VEGF treatment in neovascular AMD patients visual function follows anatomic changes [7, 8] . The criticism on the label has found its way into retreatment recommendations by national ophthalmologic societies that clearly differ from the official label and recommended retreatment whenever any disease activity is detected [9] . The only country in Europe, in which the current label allows monthly treatment for neovascular AMD -as in the Phase III studiesis Switzerland.
However -beyond the EU drug label for ranibizumabthere are further limitations to the use of anti-VEGF drugs at the national level throughout Europe. To obtain a broad overview on the national limitations using anti-VEGF drugs a survey was sent to 50 retina specialists from 20 European countries. Key questions of the survey focused on reimbursement by the health care system, professional requirements to perform the intravitreal injection, specifications for the injection room and on the level of reimbursement for the intravitreal injection at institutions that are reimbursed by the national health care system.
The key information out of the responses of 23 retina specialists of 16 European countries was that there is limitation to anti-VEGF treatment access in any country. In addition, there is a large variability on how access to treatment is limited among the different countries. Within some countries (e. g. Italy, Spain, Portugal) there are even significant regional variations.
Only in selected countries additional qualifications of the treating ophthalmologist to perform the intravitreal injection are required. Among the exemptions is Germany, where similar to an additional qualification to perform photodynamic therapy, an intravitreal injection training course as well as training in reading fluorescein angiographies are strongly recommended by the large ophthalmologic societies [10] . Ophthalmologists without this expertise have difficulties obtaining reimbursement in the German health care system.
The first limitation for patients to get access to anti-VEGF treatments after approval of ranibizumab by the European Medicines Agency was in many European countries a significant delay on national reimbursement decisions. The reimbursement decision is -different to the drug approval process -a national decision and includes in some countries long evaluation processes and price negotiations with the pharmaceutical industry. These price negotiations at the national level are the reason for some price variability between different European countries. In general, delays due to lengthy price negotiations are more common in southern European countries. Reasons are lower attractiveness of southern Euro- 
Treatment of wet AMD
In wet AMD, the recommended dose for ranibizumab (Lucentis ® ) is 0.5 mg given monthly as a single intravitreal injection. This corresponds to an injection volume of 0.05 ml. Treatment is given monthly and continued until maximum visual acuity is achieved, i.e. the patient`s visual acuity is stable for three consecutive monthly assessments performed while on ranibizumab treatment. Thereafter, patients should be monitored monthly for visual acuity and activity of the disease. Treatment is resumed when monitoring indicates loss of visual acuity due to wet aMD. Monthly injections should then be administered until stable visual acuity is reached again for three consecutive monthly assessments (implying a minimum of two injections). The interval between two doses should not be shorter than 1 month.
Treatment of visual impairment due to either DME or macular oedema secondary to RVO
The recommended dose for Lucentis is 0.5 mg given as a single intravitreal injection. This corresponds to an injection volume of 0.05 ml. Treatment is given monthly and continued until maximum visual acuity is achieved i.e. the patient's visual acuity is stable for three consecutive monthly assessments performed while on ranibizumab treatment. If there is no improvement in visual acuity over the course of the first three injections, continued treatment is not recommended. Thereafter patients should be monitored monthly for visual acuity. Treatment is resumed when monitoring indicates loss of visual acuity due to DME or to macular oedema secondary to RVO. Monthly injections should then be administered until stable visual acuity is reached again for three consecutive monthly assessments (implying a minimum of two injections). The interval between two doses should not be shorter than 1 month.
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The intravitreal injection review pean markets for the pharmaceutical industry and commonly stronger market regulations [11, 12] . The United Kingdom (UK) involves many stakeholders in the reimbursement decision process guided by the National Institute of Clinical Excellence (NICE). Cost effectiveness is a key aspect in the NICE decision process, which led during the price negotiations for ranibizumab in neovascular AMD to an agreement, in which the pharmaceutical industry covers the drug cost beyond the 14th intravitreal injection [13] . A disadvantage of the process is the significant time delay until a final decision is taken [14] . The NICE guidance on ranibizumab for neovascular AMD to the National Health Service (NHS) in the UK took 1.5 years. In many European countries the national health authorities involved in the reimbursement process have added additional -not necessarily evidence based -limitations to the use of ranibizumab.
The most relevant regulation at the national level in many European countries is however the limitation of reimbursement of anti-VEGF therapy to specific institutions only. The most common differentiation is between private ophthalmology practices and larger, mostly public hospitals. The survey revealed that in most European countries the reimbursement is limited to larger, mostly public clinics by the national or private health care systems (Fig. 1) . This is clearly a disadvantage for especially the elderly AMD population living in more rural regions. In some countries -e. g. Germany -bound to the status of an institution but rather to the qualification of the treating ophthalmologist and the availability of an operating room for intravitreal injections. Only in the Neatherlands reimbursement of intravitreal injections is soley provided for private practices.
The key problem in many European countries for many patients with exudative macular disease to gain adequate access to evidence based best treatment is that institutions, where intravitreal anti-VEGF therapy is covered by the health care system, are submitted to further restrictions. In many southern and eastern European countries drug cost and/or injection procedure cost fall under a clinic budget that permits only limited use of in particular ranibizumab. The subsequent consequences to reduce cost are the splitting of ranibizumab or the off-label use of bevacizumab. In some countries (e. g. Hungary) institutions providing intravitreal injections are submitted to a regulated and limited number of surgical procedures including intravitreal injections. A further phenomenon are even counterproductive incentives. Some Italian Ophthalmology department budgets are influenced by the waiting time for new glasses and cataract surgery rather than the waiting time to treatment for a patient with neovascular AMD. This situation of extensive patient waiting lists for reimbursed anti-VEGF treatment leads to patients being treated with significant delay (having had further vision loss in the meantime) or being forced into private practice without being reimbursed by the health care system.
Another aspect is the reimbursement of the intravitreal injection as surgical procedure. In many countries (e. g. Austria, Finnland, Spain, Portugal…) reimbursement of the injection procedure falls within an overall clinic budget. So, there is no incentive in increasing the number of injections and reducing the waiting time for affected patients. This situation is not only a burden for the patients but also for the treating ophthalmologists, who have to work in suboptimal settings and have to compensate for an increasing workload. Especially in countries with a privately organized health care system co-payments for injection procedures are not uncommon (Fig. 2) .
In Germany currently no specific billing code exists for the intravitreal injection procedure. The co-payment varies therefore depending on the treating physician, the private health care coverage plan, specific contracts between health care providers and physicians networks and in some cases even on the anti-VEGF drug used. In addition, follow-up visits are not always reimbursed. Due to the high number of injections and follow-up visits required, most patients are confronted with additional costs -despite official coverage/reimbursement -, which can be a major burden for patients and subsequently leads to reduced compliance and worse functional outcomes.
The compensation for the intravitreal injection as surgical procedure varies significantly within Europe. Table 2 outlines the results of the conducted survey. It provides only a limited overview since even at the national level there is a large variability due to various factors and since the survey is based on relatively few responses (n = 23).
Some variation can be explained by national requirements for the injection rooms. Commonly the national health authorities outline the requirements for an injection room and these are further communicated by guidelines of the national ophthalmologic societies. The requirements range from a designated room -without any further specifications -up to a fully equipped operating room with laminar airflow. Figure 3 outlines in which European countries -with minor national variations -a designated room or a fully equipped operating room is required.
Some east-west distribution throughout Europe appears evident. The national requirements for injection room have significant implications.
The first one is safety. Publications on the rate of endophthalmitis (excluding series due to improper drug preparation by compounding pharmarcies) in large injection clinics in the United States (US) -where just designated rooms are used for the injection procedure -are at the range of 1 endopthalmitis Obviously the current data does not prove that higher hygienic standards for an injection room are necessarily associated with a lower risk for endophthalmitis, but many of the multiple factors (mask over mouth and nose, sterile gloves…) potentially associated with a lower risk for endophthalmitis are part of the requirements of running an operating room for intraocular surgery. The second one is cost and patient flow. The expenses on building and running an operating room with a high hygienic standard are extensive. Just the operating room and energy cost plus the amortization sum up to 12.5 € per minute according to Albrecht and Toepfer [18] . In addition the operating room has to have sufficiently qualified staff. In most clinics operating rooms built prior to the "intravitreal injection era" are used for intravitreal injections. This leads on the one hand to competitive displacement of other surgical procedures, on the other hand these operating rooms are often not ideally located for highly frequented injection clinics. This is a significant draw back for patient flow and a limiting factor in any effort in reducing the patients time in clinic.
As shown there are numerous obstacles in providing best evidence care to patients with neovascular AMD, with DME and edema secondary to RVO. A key obstacle in all countries of the EU is the current label for ranibizumab. Additional variable limitations occur at the national level. Even though in all European countries treatment with ranibizumab is approved and mostly reimbursed, significant obstacles prevent many patients from getting treatment on time, in an adequate setting and according to the best evidence treatment regimen. In the context of the ongoing debate on the risk for endophthalmitis using different anti-VEGF drugs, one has to reconsider under which conditions the intravitreal injection is performed. There is increasing evidence that the risk for endophthalmitis is lowest in a fully equipped operating room. This however goes together with significantly higher cost, worse patient flow and longer patient waiting time.
There is clearly need for improvement throughout Europe to provide affected patients with better and closer to best evidence care. It is likely that the rapidly growing patient population requiring intravitreal injections will increase pressure on all stakeholders.
